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Surw Vkliwlqj dqg Surgxfwlylw|
Plvphdvxuhphqw
Hulf M1 Eduwhovpdq
Iuhh Xqlyhuvlw| Dpvwhugdp
Urho P1 Z1 M1 Ehhwvpd
Xqlyhuvlw| ri Dpvwhugdp dqg FHSU|
Rfwrehu 58/ 5333
Devwudfw
Wklv qrwh lghqwlhv surw vkliwlqj lq uhvsrqvh wr furvv0frxqwu| glhu0
hqfhv lq frusrudwh wd{ udwhv dv d vrxufh ri surgxfwlylw| plvphdvxuhphqw1
Wr txdqwli| wkh pdjqlwxgh ri plvphdvxuhphqw/ wkh surw0vkliwlqj hhfw lv
lvrodwhg iurp rwkhu srvvleoh hhfwv ri frusrudwh wd{ udwhv fkdqjhv rq uhdo
dfwlylw| vkliwv1 Wkh hpslulfdo looxvwudwlrq vxjjhvwv wkdw wkh plvphdvxuhphqw
hhfw lv txdqwlwdwlyho| vljqlfdqw1
Nh|zrugv= surgxfwlylw| plvphdvxuhphqw/ lqfrph vkliwlqj/ wudqvihu sulf0
lqj/ frusrudwh wd{ udwhv/ VWDQ gdwdedvh1
MHO= G57/ K59/ R7:1
 Pdlolqj dgguhvv= HVL/ Ghsduwphqw ri Hfrqrplfv/ Iuhh Xqlyhuvlw| ri Dpvwhugdp/ Gh Erhoh0
oddq 4338/ 43;4 KY Dpvwhugdp/ skrqh= .64153177793;3/ id{= .641531777945:/ h0pdlo= hedu0
whovpdqChfrq1yx1qo1
|Pdlolqj dgguhvv= Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Dpvwhugdp/ Urhwhuvvwuddw 44/
434; ZE Dpvwhugdp/ Wkh Qhwkhuodqgv/ skrqh= .64153185885;3/ id{= .6415318587587/ h0pdlo=
EhhwvpdCihh1xyd1qo1
41 Lqwurgxfwlrq
Wkh rxwexuvw ri lqwhuhvw lq wudfnlqj pryhphqwv ri surgxfwlylw| ryhu wlph dqg lq
frpsdulqj surgxfwlylw| dfurvv frxqwulhv kdv frph rq wkh khhov ri h{wudruglqdu|
hfrqrplf ghyhorsphqwv lq uhfhqw |hduv1 Vkdus glhuhqfhv lq surgxfwlylw| jurzwk
udwhv ehwzhhq wkh XV dqg wkh HX/ dqg ehwzhhq frxqwulhv lq wkh HX duh ehlqj
xvhg wr glvwlqjxlvk xqghuo|lqj vrxufhv ri jurzwk dqg wkh uroh ri hfrqrplf srolf|14
Wkh phdvxuhv ri surgxfwlylw| wkhuhiruh pxvw eh xs wr wkh wdvn1 Oxfnlo|/ pxfk
dwwhqwlrq kdv ehhq sdlg lq wkh odwwhu sduw ri wkh 4<<3v wr wkh vwdwlvwlfdo txdo0
lw| ri surgxfwlylw| phdvxuhphqw zlwklq frxqwulhv/ +h1j1 Odqghihog dqg Iudxphql
+5333,,/ dqg frpsdulvrqv ehwzhhq frxqwulhv +Vfdushwwd hw do1 +5333,,1 Lq wklv
qrwh/ surw vkliwlqj lq uhvsrqvh wr fkdqjhv lq frusrudwh wd{ udwhv lv lghqwlhg dv
d vljqlfdqw vrxufh ri surgxfwlylw| plvphdvxuhphqw1 Wklv ryhuorrnhg vrxufh ri
plvphdvxuhphqw lv txdqwlwdwlyho| uhohydqw lq RHFG frxqwulhv1
D qlfh frqfhswxdo phwkrg iru xqfryhulqj srwhqwldo sureohpv lq surgxfwlylw|
phdvxuhphqw lv Vrorz*v lqyduldqfh sulqflsoh +vhh Kdoo/ 4<<3,1 Wkh lqyduldqfh sulq0
flsoh vwdwhv wkdw wrwdo idfwru surgxfwlylw| phdvxuhv vkrxog eh xqfruuhodwhg zlwk
lqglfdwruv wkdw rq wkhruhwlfdo jurxqgv duh qrw h{shfwhg wr vkliw wkh surgxfwlrq
ixqfwlrq1 Iru h{dpsoh/ wkh idloxuh ri wkh Vrorz uhvlgxdo wr eh xqfruuhodwhg zlwk
f|folfdo lqglfdwruv vsdzqhg d frqvlghudeoh olwhudwxuh1 Idloxuh ri wkh lqyduldqfh
sulqflsoh fdq uhfrqflohg lq glhuhqw zd|v1 Iluvw/ wkh surgxfwlrq whfkqrorj| dv0
vxphg wr ghulyh wkh surgxfwlylw| phdvxuh fdq eh prglhg wr uhvwruh lqyduldqfh15
Vhfrqgo|/ wkh idloxuh ri lqyduldqfh fdq eh wudfhg wr v|vwhpdwlf plvphdvxuhphqw ri
rxwsxwv ru lqsxwv16 Ri frxuvh/ d wklug zd| lv wr vwdwh wkdw wkh idloxuh ri lqyduldqfh
lv prrw/ ru wkdw wkhuh duh lqghhg wkhruhwlfdo jurxqgv iru wkh lqglfdwru wr dhfw
surgxfwlylw|17
Lq wklv qrwh zh lvrodwh wkh plvphdvxuhphqw hhfw ri furvv0frxqwu| glhuhqfhv
lq frusrudwh wd{ udwhv rq surgxfwlylw|1 Lqwhuqdwlrqdo glhuhqfhv lq frusrudwh wd{
udwhv ohdg wr lqfrph vkliwv sxuho| rq sdshu1 Pxowlqdwlrqdov wu| wr doorfdwh uhyhqxhv
lq frxqwulhv zlwk orz frusrudwh wd{hv dqg frvwv lq frxqwulhv zlwk kljk frusrudwh
wd{ udwhv/ doo hovh htxdo1 Wklv fdxvhv uhsruwhg qrplqdo ydoxh dgghg wr glhu iurp
wkh hfrqrplfdoo| phdqlqjixo phdvxuh1 Wkhuh duh wzr pdmru zd|v lq zklfk vxfk
sxuh0dffrxqwlqj vkliwv fdq wdnh sodfh1 Rqh lv wkurxjk wkh fdslwdo vwuxfwxuh ri
pxowlqdwlrqdo upv1 Iru h{dpsoh/ d vxevlgldu| ri d pxowlqdwlrqdo lq d orz0wd{
4Iru d ihz uhfhqw h{dpsohv ri wkhru| dqg sudfwlfh/ vhh Dkq dqg Khpplqjv +5333,/ Gxuodxi
dqg Txdk +4<<<,/ ru Udph| dqg Udph| +4<<8,
5Lq wkh olwhudwxuh rq wkh sur0f|folfdo uhvlgxdo/ wkh iudphzrun lv prglhg/ iru h{dpsoh dv lq
Eduwhovpdq hw do1 +4<<7, zkr doorz surgxfwlyh h{whuqdolwlhv1
6Iru h{dpsoh/ wklv sdwk zdv wdnhq e| Exuqvlgh dqg Hlfkhqedxp +4<<9, dqg Edvx dqg Nlpedoo
+4<<:, wr h{sodlq sur0f|folfdo surgxfwlylw| uhvlgxdov1
7Iru h{dpsoh/ lq wkh Uhdo Exvlqhvv F|foh olwhudwxuh/ uhvhdufkhuv vwduw zlwk surgxfwlylw|
pryhphqwv dv wkh fdxvh ri f|folfdolw| lq rwkhu lqglfdwruv1
4
frxqwu| pd| ohqg prqh| wr d vxevlgldu| lq d kljk0wd{ frxqwu|/ wkhuhe| errvw0
lqj orz0wd{hg surwv e| vxssuhvvlqj kljko|0wd{hg surwv hovhzkhuh1 Wkh rwkhu
lv zkhq furvv0erughu lqwud0up gholyhulhv ri jrrgv dqg vhuylfhv duh qrw fruuhfwo|
sulfhg1 Dowkrxjk wkh RHFG Prgho Wd{ Frqyhqwlrq dqg wkh RHFG Wudqvihu
Sulflqj Jxlgholqhv fdoo iru wkh xvh ri wkh dup*v ohqjwk sulqflsoh +l1h1/ wr dsso|
pdunhw sulfhv iru lqwhuqdo gholyhulhv,/ lq sudfwlfh lwv dssolfdwlrq lv riwhq sureohp0
dwlf1 Iru pdq| lqwud0up wudqvdfwlrqv wkhuh h{lvwv qr frpsdudeoh rxwvlgh pdunhw1
Iru h{dpsoh/ wklv lv riwhq wkh fdvh iru lqwhoohfwxdo surshuw| ghyhorshg e| rqh sduw
ri wkh frpsdq| dqg xvhg e| rwkhu sduwv lq rwkhu frxqwulhv1 Wkh hpslulfdo olwhud0
wxuh vxjjhvwv wkdw wklv vrxufh ri lqfrph vkliwlqj lv txdqwlwdwlyho| lpsruwdqw/ iru
h{dpsoh/ vhh Klqhv dqg Ulfh +4<<7, dqg Juxehuw dqg Vohpurg +4<<;, iru wkh X1V1
dqg Eduwhovpdq dqg Ehhwvpd +5333, iru RHFG frxqwulhv1 Iru d glvfxvvlrq ri wkh
hhfw iru lqglylgxdo upv/ vhh Eluqlh +4<<9,1
Wkh uhpdlqghu ri wklv qrwh lv vwuxfwxuhg dv iroorzv1 Vhfwlrq 5 vkrzv krz
frusrudwh wd{ glhuhqfhv fdq dhfw phdvxuhg surgxfwlylw|1 Vhfwlrq 6 looxvwudwhv
krz surgxfwlylw| jurzwk fdq eh fruuhfwhg iru plvphdvxuhphqw fdxvhg e| surw
vkliwlqj dqg glvfxvvhv wkh gdwd1 Ilqdoo|/ Vhfwlrq 7 frqfoxghv wklv qrwh1
51 Frusrudwh wd{hv dqg surgxfwlylw| plvphdvxuhphqw
Lqfrph vkliwlqj fdxvhv glhuhqfhv ehwzhhq uhsruwhg lqfrph dqg wkh wuxh lq0
frph jhqhudwhg e| hfrqrplf dfwlylw|1 Uhyhqxhv duh xqghuuhsruwhg +ryhuuhsruwhg,
lq frxqwulhv zlwk uhodwlyho| kljk +orz, wd{ udwhv/ ehfdxvh wkh up fodlpv orzhu0
+kljkhu0, wkdq0pdunhw sulfhv iru lqwud0up lqwhuqdwlrqdo vklsphqwv ri jrrgv dqg
vhuylfhv1 Frqvhtxhqwo|/ uhsruwhg qrplqdo ydoxh dgghg +T / uhyhqxh ohvv lqwhu0
phgldwh sxufkdvhv, lq d frxqwu| lv qhjdwlyho| dhfwhg e| wkh ohyho ri lwv frusrudwh
wd{ udwh uhodwlyh wr wudglqj sduwqhuv1 Surw vkliwlqj fdxvhv vwdwlvwlfv rq qrplqdo
ydoxh dgghg froohfwhg e| wkh wd{ dxwkrulwlhv ru vwdwlvwlfdo r!fhv wr eh phdvxuhg
zlwk huuru=
T  ’  |o’Wc
zkhuh ’W lv dfwxdo uhdo ydoxh dgghg dqg  |o lv wkh lpsolflw +dqg xqrevhuyhg,
sulfh ghqhg e| wklv h{suhvvlrq1 Lw glhuv e| d idfwru iurp wkh pdunhw sulfh/ ru
dupv0ohqjwk sulfh + W,=
 |o ’  WeE(czkhuh
Ye
Y(
	 fc +514,
dqg zkhuh ( lv wkh glhuhqfh ehwzhhq wkh wd{ udwh lq wklv frxqwu| dqg wkh frxqwu|
zlwk zklfk lqwud0up wudgh wdnhv sodfh1
5
D frxqwu|*v vwdwlvwlfdo r!fh xvhv surshu sulfh txrwhv rq pdunhw wudqvdfwlrqv/
vr wkdw sulfh vwdwlvwlfv dqg dfwxdo pdunhw/ ru dupv0ohqjwk/ sulfhv frlqflgh1 Khqfh/
 W lv dovr wkh r!fldo gh dwru1 Uhdo ydoxh dgghg vwdwlvwlfv +’, dv frpsxwhg e|
wkh vwdwlvwlfdo r!fh duh wkxv frqwdplqdwhg zlwk plvphdvxuhphqw iurp lqfrph
vkliwlqj/ dqg wkhuhiruh glhu iurp dfwxdo uhdo ydoxh dgghg +’W, e| wkh idfwru
eE(=
’ ’
QYD
 W
’ ’We

(

 +515,
Vxssrvh wkdw dfwxdo surgxfwlrq wdnhv sodfh dffruglqj wr=
’W ’ 8 Egcuc +516,
zkhuh g lv fdslwdo dqg u lv oderu lqsxw/ dqg  lv xqrevhuyhg +e| wkh hfrqrphwul0
fldq, wrwdo idfwru surgxfwlylw|1 Xsrq frpelqlqj +515, dqg +516, rqh rewdlqv wkh
revhuyhg WIS ohyho
WIS 
’
8 Egcu
’ e

(

c +517,
zklfk lv fruuhodwhg zlwk uhodwlyh wd{ udwhv1
61 Txdqwlfdwlrq
Zkloh wkh sulpdu| lqwhuhvw iru uhvhdufkhuv lv lq wkh xqrevhuyhg whup / wkh gdwd
surylghg e| wkh vwdwlvwlfdo r!fh rqo| doorz rqh wr frpsxwh wkh whup rq wkh ohiw0
kdqg vlgh ri +517,1 Krzhyhu/ li zh duh deoh wr vrphkrz hvwlpdwh e

(

/ zh
fdq frqvwuxfw wkh vhulhv iru dfwxdo wrwdo idfwru surgxfwlylw| iurp wkh revhuyhg
surgxfwlylw| vhulhv1
Wr eh fohdu/ zh gr qrw pdnh dq dwwhpsw wr dvvhvv wkh uhdo hhfwv ri frusrudwh
wd{hv rq dfwxdo WIS/ ru 1 Rqh frxog suhvxpdeo| zulwh grzq d prgho zkhuh
whfkqrorj| dqg wd{hv duh fruuhodwhg/ iru h{dpsoh ehfdxvh whfkqrorj| lv hperglhg
lq qhz fdslwdo jrrgv dqg dffuxhv wr wkh sxufkdvhu dv dq h{whuqdolw|1 Lq wklv
fdvh/ d fruuhodwlrq ehwzhhq wd{hv dqg revhuyhg surgxfwlylw| zrxog qrw glvwlqjxlvk
wkh pdjqlwxgh ri eE whup/ ehfdxvh lw dovr uh hfwv wkh hhfw ri wd{hv rq 1
Vlploduo|/ li rqh kdv wkhruhwlfdo sulruv derxw d olqn ehwzhhq wd{hv rq surgxfwlylw|/
iru h{dpsoh ehfdxvh kljkhu pdujlqdo diwhu0wd{ surw udwhv fuhdwh dq lqfhqwlyh wr
uhgxfh {0lqh!flhqf|/ wklv zrxog surklelw xv iurp glvwlqjxlvklqj eE1 Dv zh vkrz
ehorz/ zh lvrodwh wkh plvphdvxuhphqw hhfw/ exw wkhuhe| orvh wkh delolw| wr vd|
vrphwklqj derxw dq| gluhfw hhfwv ri wd{hv rq dfwxdo surgxfwlylw|1
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6141 Lghqwlfdwlrq
Wkh edvlf lqvljkw iru lghqwlfdwlrq ri wkh plvphdvxuhphqw ri surgxfwlylw| wkurxjk
surw0vkliwlqj lv wr ylhz wkh sureohp dv dq huuruv0lq0yduldeohv sureohp lq hvwl0
pdwlqj d surgxfwlrq ixqfwlrq1 Wkh vwudwhj| lv wr glvhqwdqjoh wkh plvphdvxuh0
phqw frpsrqhqw dqg wkh surgxfwlylw| frpsrqhqw18 Dqdorjrxv wr wkh dssurdfk
ri Urhjhu +4<<8, iru glvhqwdqjolqj pdun0xsv dqg surgxfwlylw| pryhphqwv/ zh wdnh
d udwlr ri qrplqdo rxwsxw dqg qrplqdo lqsxw h{shqvhv/ lq rughu wr fdqfho rxw wkh
xqrevhuyhg surgxfwlylw| whup1
Pxowlqdwlrqdov kluh oderu xqwlo wkh zdjh htxdov wkh pdujlqdo uhyhqxh surgxfw/
ydoxhg dw pdunhw sulfhv +vhh Eduwhovpdq dqg Ehhwvpd/ 5333,=
 ’  W
Y’W
Yu

Zlwk d Free0Grxjodv whfkqrorj| dqg frqvwdqw uhwxuqv wr vfdoh/ lq v|perov ’W ’
8 Egcu ’ g3kuk/ zh jhw wkh iroorzlqj uhodwlrqvkls ehwzhhq wkh revhuyhg
+uhflsurfdo ri wkh, oderu vkduh dqg wkh idfwru eE(=
 W’
u
’

k
eE( +614,
Qrwh wkdw wkh xqrevhuyhg surgxfwlylw| whup  fdqfhov rxw1 Zh uhihu wr wkh ohiw0
kdqg vlgh ri +614, dv wkh ydoxh0oderu udwlr1 Wkh dgydqwdjh ri xvlqj +614, lq wkh
hpslulfdo dqdo|vlv/ lv wkdw zh frqwuro iru wkh hhfw wkdw wd{ udwhv pd| kdyh rq wkh
ohyho ri hfrqrplf dfwlylw|1 Xqghu Free0Grxjodv/ wkh ohyho ri hfrqrplf dfwlylw|
dqg wkh zdjh0uhqwdo udwlr zloo qrw dhfw wkh oderu vkduh ri lqfrph1 Wkh odwwhu
lv qr orqjhu wkh fdvh iru d frqvwdqw hodvwlflw| ri vxevwlwxwlrq +FHV, surgxfwlrq
whfkqrorj|/ zkhuh dq lqfuhdvh lq wkh frvw ri fdslwdo dv d uhvxow ri wd{ udwh fkdqjhv
lpsolhv d vxevwlwxwlrq wrzdugv oderu1 Zlwk d FHV surgxfwlrq whfkqrorj|/ lq
v|perov 8 Egcu ’ dBg4 n E Bu4o*4/ rqh kdv=
’
u
’ d n l*E43E
o

4*E43oeE(c +615,
zkhuh l  dB* E Bo dqg o ghqrwhv wkh wd{0ghshqghqw Mrujhqvrq0Kdoo xvhu frvw
ri fdslwdo1 Ehfdxvh wkh ixqfwlrqdo uhodwlrq ehwzhhq wd{hv dqg wkh xvhu frvw ri
fdslwdo lv zhoo nqrzq/ o fdq eh frqvwuxfwhg iurp wkh dydlodeoh gdwd/ dqg rqo| wkh
FHV sdudphwhuv dqg wkh ixqfwlrq eE( qhhg wr eh hvwlpdwhg1
8Iru dq ryhuylhz ri vrph ri wkh lghqwlfdwlrq sureohpv lq hvwlpdwlqj surgxfwlylw|/ vhh Edu0
whovpdq dqg Grpv +5333,1
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6151 Hfrqrphwulf vshflfdwlrq
Wkh ixqfwlrqdo irup ri wkh wudqvihu0sulflqj uhvsrqvh wr wd{hv eE( lv dvvxphg wr
uhvhpeoh d pdun0xs zklfk ydulhv olqhduo| lq wkh ghyldwlrq ehwzhhq wkh frxqwu|0
vshflf dqg wkh dyhudjh wd{ udwhv1 Htxdwlrq +614, lv xvhg dv wkh edvlv iru wkh
iroorzlqj hvwlpdwlqj htxdwlrq=
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zkhuh T| lv wkh revhuyhg ydoxh0oderu udwlr lq frxqwu| / vhfwru  dqg wlph shulrg
|/ dqg zkhuh
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c|/ +617,
zkhuh US_c| lv dq lqglfdwru wkdw htxdov 4 li revhuydwlrq | ehorqjv wr frxqwu| _/
dqg htxdov 3 rwkhuzlvh +S lv wkh qxpehu ri frxqwulhv lq rxu vdpsoh,> U
r
_c| lv
dq lqglfdwru wkdw htxdov 4 li revhuydwlrq | ehorqjv wr vhfwru _/ dqg htxdov 3
rwkhuzlvh +r lv wkh qxpehu ri vhfwruv,> dqg U

_c| lv dq lqglfdwru wkdw htxdov 4 li
revhuydwlrq | ehorqjv wr |hdu _/ dqg htxdov 3 rwkhuzlvh + lv wkh qxpehu ri
|hduv,1 Ixuwkhu/ (| +phdvxuhg lq shufhqwdjh srlqwv, lv wkh glhuhqfh ehwzhhq wkh
khdgolqh frusrudwh wd{ udwh lq vhfwru  ri frxqwu|  dw wlph | iurp wkh zhljkwhg
dyhudjh ri khdgolqh wd{hv ri doo frxqwulhv lq wkh vdpsoh19 Dowkrxjk surw vkliw0
lqj pd| eh dhfwhg e| wkh suhvhqfh ri rwkhu wd{hv dqg furvv0frxqwu| glhuhqfhv
ehwzhhq wkhp/ dw wkh pdujlq wkh jdlq iurp vkliwlqj dq dgglwlrqdo groodu vkrxog
iru d odujh sduw eh ghwhuplqhg e| wkh glhuhqfh lq khdgolqh frusrudwh wd{ udwhv1
Ilqdoo|/ wkh uhvsrqvh frh!flhqw S zloo eh doorzhg wr ydu| dfurvv frxqwulhv1 Wkh
udwlrqdoh iru kdylqj S wr ydu| ryhu wkh frxqwulhv lv wkdw frxqwulhv pd| glhu lq wkh
hqirufhphqw ri wkh wudqvihu sulflqj uxohv1 Lq dgglwlrq/ lq vrph frxqwulhv hfrqrplf
dfwlylw| pd| eh uhodwlyho| pruh frqfhqwudwhg wkdq lq rwkhu frxqwulhv lq vhfwruv
zkhuh wkh vfrsh iru surw vkliwlqj lv odujhu1
Wkh hvwlpdwlqj htxdwlrq iru wkh FHV surgxfwlrq ixqfwlrq lv edvhg rq htxdwlrq
+615, =
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| n "|c +618,
zlwk SSr| dv jlyhq deryh1 Wkh xvhu frvw ri fdslwdo lv jlyhq e| o| ’ Uc|
o|nw3 ^|
3 |
E
~c|/ zkhuh o lv wkh orqj0whup lqwhuhvw udwh/ U lv wkh lqyhvwphqw gh dwru/ w lv wkh
9Iru hdfk vhfwru/ wkh dyhudjh wd{ udwh lv frpsxwhg xvlqj vhfwrudo surgxfwlrq dv uhodwlyh
zhljkwv1 Iru wklv uhdvrq/ G ydulhv voljkwo| ehwzhhq vhfwruv lq d frxqwu|1 Wkh frqvlghudwlrq zdv
wkdw wudqvihu0sulflqj wdnhv sodfh ehwzhhq d!oldwhv zlwklq d vhfwru/ rzlqj wr wd{hv glhulqj iurp
wkrvh lq uhohydqw frxqwulhv1 Wkh zhljkwlqj vfkhph/ krzhyhu/ kdugo| lq xhqfhv rxu uhvxowv1
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ghsuhfldwlrq udwh/ ^ lv wkh h{shfwhg dssuhfldwlrq ri fdslwdo/  lv wkh frusrudwh wd{
udwh dqg ~ lv wkh suhvhqw glvfrxqwhg wd{ ydoxh ri ghsuhfldwlrq ghgxfwlrqv1 Lq wkh
hpslulfdo zrun/~ lv fdofxodwhg dvvxplqj vwdwlf h{shfwlrqv rq ixwxuh wd{ udwhv1
Ixuwkhupruh/ zh xvh d frqvwdqw glvfrxqw udwh +9(,/ dqg jhrphwulf ghsuhfldwlrq
+w ’ ffH,1
6161 Hpslulfdo fruuhfwlrq
Qrz zh zloo looxvwudwh krz wr rewdlq dq hvwlpdwh iru wkh plvphdvxuhphqw hhfw
rq surgxfwlylw| jurzwk1 Zh wdnh rxu gdwd iurp wkuhh vrxufhv1 Gdwd rq oderu
frpshqvdwlrq dqg ydoxh0dgghg duh rewdlqhg iurp wkh RHFG*v Vwuxfwxudo Dqdo0
|vlv Gdwdedvh +VWDQ,1 Wklv lv d vhfwrudo gdwdedvh/ zklfk frpsulvhv prvw ri
wkh RHFG frxqwulhv1 Zh lqfoxgh 49 frxqwulhv dqg 48 vhfwruv1: Ixuwkhu/ zh wdnh
wkh orqj0whup lqwhuhvw udwh dqg wkh sulfh gh dwru iru lqyhvwphqw iurp wkh dqqxdo
hfrqrplf lqglfdwruv gdwdedvh ri wkh RHFG1 Ilqdoo|/ zh rewdlq khdgolqh frusr0
udwh wd{ udwhv iurp ydulrxv lvvxhv ri SulfhZdwhukrxvhFrrshuv* Lqwhuqdwlrqdo Wd{
Vxppdulhv1 Wkh pd{lpxp ohqjwk ri rxu vdpsoh shulrg lv 4<:<04<<:1
Wdeoh 4 suhvhqwv wkh hvwlpdwhv ri S xvlqj hlwkhu +616, ru +618,/ zlwk gxpplhv
wr jhw ulg ri frxqwu|0/ vhfwru0 dqg wlph0vshflf {hg hhfwv1 Zh doorz S wr ydu|
ryhu wkh lqglylgxdo frxqwulhv dqg uhsruw lwv furvv0frxqwu| dyhudjh hvwlpdwh S1
D Free0Grxjodv surgxfwlrq ixqfwlrq |lhogv d vwdwlvwlfdoo| vljqlfdqw hvwlpdwh ri
S ’ fffD2/ zklfk lqglfdwhv wkdw d rqh0shufhqwdjh srlqw lqfuhdvh lq wkh uhodwlyh
frusrudwh wd{ udwh uhgxfhv wkh ydoxh0oderu udwlr e| fD shufhqw1; Xvlqj d FHV
surgxfwlrq ixqfwlrq |lhogv d yhu| vlplodu hvwlpdwh ri S1 Pruhryhu/ wkh hvwlpdwh
iru 4 uhvxowv lq d srlqw hvwlpdwh ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq fdslwdo dqg
oderu ri *E	4 ’ fe/ zklfk lv kdugo| glhuhqw iurp wkh vxevwlwxwlrq hodvwlflw|
iru d Free0Grxjodv surgxfwlrq ixqfwlrq1 Wkhuhiruh/ wkh hqvxlqj frpsxwdwlrqv
duh edvhg rq wkh Free0Grxjodv vshflfdwlrq1
Wr frpsxwh krz phdvxuhg surgxfwlylw| jurzwk lv dhfwhg e| lqfrph vkliwlqj
lqgxfhg e| frusrudwh wd{ udwh glhuhqfhv/ revhuyh wkdw
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:Wkh frxqwulhv duh Dxvwudold/ Dxvwuld/ Ehojlxp/ Fdqdgd/ Ghqpdun/ Ilqodqg/ Iudqfh/ Jhu0
pdq|/ Lwdo|/ Mdsdq/ wkh Qhwkhuodqgv/ Sruwxjdo/ Vsdlq/ Vzhghq/ wkh Xqlwhg Nlqjgrp dqg wkh
Xqlwhg Vwdwhv1 Wkh vhfwruv frpsulvh doprvw wkh hqwluh pdqxidfwxulqj lqgxvwu|1 H{foxghg duh
Shwuro uhqhulhv dqg surgxfwv dqg Uxeehu dqg sodvwlfv surgxfwv1 Suhvhqwo|/ wkh RHFG lv
zrunlqj rq d qhz uhohdvh ri wkh VWDQ gdwdedvh1 Lq wkh qh{w uhohdvh/ wkh gdwd zloo eh dydlo0
deoh iru doo vhfwruv ri wkh hfrqrp|1 Ixuwkhupruh/ hvwlpdwhv ri surgxfwlyh fdslwdo vwrfnv zloo eh
dydlodeoh iru prvw vhfwruv lq prvw frxqwulhv1
;Wklv lv wkh dyhudjh hhfw dfurvv frxqwulhv1 Lq wkh uhjuhvvlrq d ghyldwlrq ri wklv dyhudjh zdv
frpsxwhg iru doo exw rqh frxqwu|1
9
’ S

(  (
3

 +619,
zkhuh S lv wkh hvwlpdwh ri S lq +617,1 Ehfdxvh d uhodwlyh fkdqjh lq wkh frusrudwh
wd{ udwh rqo| fdxvhv d vkliw lq lqfrph/ dffruglqj wr wkh iudphzrun vhw rxw deryh
zh vkrxog revhuyh d vslnh +srvlwlyh ru qhjdwlyh, lq wkh surgxfwlylw| jurzwk vwdwlv0
wlfv zkhqhyhu vxfk d uhodwlyh wd{ udwh fkdqjh wdnhv sodfh1 Krzhyhu/ surgxfwlylw|
jurzwk wlph vhulhv gr qrw uhyhdo vxfk fohduo| glvfhuqleoh shdnv durxqg fkdqjhv lq
frusrudwh wd{ udwhv1 Rqh uhdvrq lv wkdw wkh yrodwlolw| lq phdvxuhg surgxfwlylw|
jurzwk fdxvhg e| rwkhu idfwruv pd| grplqdwh wkh hhfw ri surw vkliwlqj1 Dqrwkhu
uhdvrq lv wkdw/ lq uhdolw|/ sxuh0sdshu lqfrph vkliwv pd| wdnh vrph wlph wr pdwhul0
dol}h1 Iru h{dpsoh/ wkh dprxqw ri lqfrph vkliwlqj lv olnho| wr eh frqqhfwhg wr wkh
vl}h ri wkh uhdo dflwlylw| vkliw eurxjkw derxw e| wkh wd{ udwh fkdqjhv1< Uhdo dfwlylw|
vkliwv xvxdoo| gr qrw wdnh sodfh lqvwdqwdqhrxvo|/ ehfdxvh sk|vlfdo +glv,lqyhvwphqwv
qhhg wr eh pdgh dqg zrunhuv qhhg wr eh kluhg ru uhg1 Wkhuhiruh/ wkh vdpsoh
shulrg iru zklfk zh zdqw wr looxvwudwh wkh hhfw ri surw vkliwlqj rq phdvxuhg
surgxfwlylw| jurzwk qhhgv wr lqfoxgh vrph |hduv diwhu d odujh uhodwlyh wd{ fkdqjh1
Khqfh/ zkhq surgxfwlylw| jurzwk lv phdvxuhg dv d |hduo| dyhudjh ryhu d A 0|hdu
vdpsoh shulrg/ wkh fruuhfwlrq iru lqfrph vkliwlqj ehfrphv S

(A  
(
f

*A / zlwk
(A wkh wd{ udwh glhuhqfh dw wkh hqg dqg 
(
f wkh wd{ udwh glhuhqfh dw wkh vwduw
ri wkh vdpsoh shulrg1
Txlwh d ihz frxqwulhv lq rxu vdpsoh h{shulhqfhg odujh ghfolqhv lq wkhlu frusr0
udwh wd{ udwhv lq wkh 4<;3v1 Krzhyhu/ wkh wlplqj ri wkh gursv ydulhg/ dqg wkhuh
zdv vljqlfdqw yduldwlrq ehwzhhq frxqwulhv dqg ryhu wlph lq uhodwlyh udwhv1 Iru
h{dpsoh/ lq wkh X1V1 wkh wd{ udwh ihoo iurp DS shufhqwdjh srlqwv deryh rxu vdp0
soh RHFG dyhudjh lq 4<:< wr e.2 shufhqwdjh srlqwv ehorz wkh dyhudjh lq 4<;</
uh hfwlqj pryhphqwv lq wkh dyhudjh dqg d ghfolqh lq wkh X1V1 khdgolqh frusrudwh
wd{ udwh iurp eSI wr eI lq 4<;:1 Lq Jhupdq|/ wkh uhodwlyh frusrudwh wd{ udwh
urvh iurp S wr . shufhqwdjh srlqwv iurp 4<:< wr 4<;<1 Wkh fkdqjhv lq uhod0
wlyh wd{ udwhv dorqj zlwk rxu hvwlpdwh S fdq surylgh d fruuhfwlrq wr WIS ru oderu
surgxfwlylw| jurzwk1 Iru h{dpsoh/ wkh dqqxdo X1V1 oderu surgxfwlylw| jurzwk udwh
lq wkh pdqxidfwxulqj vhfwru iurp 4<:< wkurxjk 4<;< ri 2b.I dv uhsruwhg lq Vfdu0
shwwd hw do1 +5333, ryhuvwdwhv wkh dfwxdo udwh ri 2SeI rzlqj wr plvphdvxuhphqw1
Vlploduo|/ wkh Jhupdq jurzwk udwh vkrxog eh DDI udwkhu wkdq wkh uhsruwhg udwh
ri 2SI1
<Rqh zrxog h{shfw wkdw wkh dprxqw ri lqfrph wkdw fdq eh vkliwhg iurp wkh uhvlghqfh frxqwu|
wr d orz0wd{ frxqwu|/ zlwkrxw fdxvlqj wkh vxvslflrq ri wkh uhvlghqfh frxqwu|*v wd{ dxwkrulwlhv/ lv
frqqhfwhg wr wkh dprxqw ri surgxfwlyh dfwlylw| lq wkh orz0wd{ frxqwu|> pruh surgxfwlyh dfwlylw|
doorzv iru pruh lqwud0up wudgh dqg/ iru d jlyhq vkliw lq wkh uhsruwhg sulfh iru zklfk d xqlw ri
d surgxfw lv wudghg dfurvv erughuv/ pruh lqfrph vkliwlqj fdq wdnh sodfh1
:
71 Frqfoxglqj uhpdunv
Lq wklv qrwh zh kdyh vkrzq krz furvv0erughu surw0vkliwlqj dv d uhvxow ri glhu0
hqfhv lq frusrudwh wd{ udwhv fdq fdxvh surgxfwlylw| jurzwk wr eh plvphdvxuhg1
Wr txdqwli| wkh plvphdvxuhphqw hhfw/ zh kdg wr glvhqwdqjoh lw iurp wkh hhfw
ri frusrudwh wd{ udwh fkdqjhv rq uhdo dfwlylw| vkliwv1 Rxu hpslulfdo looxvwudwlrq
vxjjhvwv wkdw wkh plvphdvxuhphqw hhfw lv qrq0qhjoljleoh1
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